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SEMICONDUCTOR PACKAGE WITH INTEGRATED HEAT SPREADER 
ATTACHED TO A THERMALLY CONDUCTIVE SUBSTRATE CORE 

FIELD OF THE INVENTION 

[0001] The present invention relates to semiconductor package technology and 
more particularly to a semiconductor package having an integrated heat spreader. 

BACKGROUND OF THE INVENTION 

[0002] Within the integrated circuit industry there is a continuing effort to increase 
integrated circuit device density and speed. As integrated circuits become smaller, the 
number of interconnections and the amount of heat generated per square inch may 
increase accordingly. Increased heating of an integrated circuit device may affect the 
performance of the device and may cause permanent damage. Further, electromagnetic 
emissions may also increase with faster switching speeds which may increase the need 
for shielding to prevent electromagnetic interference (EMI) to adjacent or nearby 
devices and equipment. Semiconductor packages may be designed to address some of 
these issues. 

[0003] For example, a flip chip package, also known as control collapse chip 
connection (C4) package, may accommodate interconnection requirements of high- 
density integrated circuits. In a typical flip chip package, an integrated circuit (a chip) 
may be mounted to the top surface of a package substrate that serves as an 
interconnection device. The package substrate typically consists of top and bottom 
surface buildup layers of interconnect circuitry disposed on a substrate core. As current 
is passed through the top and bottom buildup layers, heat may be generated, which may 
cause the package substrate to self-heat. The substrate core is typically made of an 
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organic material that is not thermally conductive, and so acts as a thermal insulator to 
the buildup layers. 

[0004] A current solution to remove heat from a flip chip package is to attach a heat 
spreader in thermal contact with a backside surface of the integrated circuit. The heat 
spreader is typically attached to a solder resist area around the perimeter of the top 
buildup layers. Because the solder resist area is not thermally conductive, there may be 
no path for heat transfer from a self-heated package substrate to the heat spreader. 
Therefore, the heat spreader may do little to remove heat from the self-heated package 
substrate. Further, because the solder resist area is not electrically conductive, the heat 
spreader may not be grounded and may not provide adequate EMI suppression. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0005] FIG. 1 illustrates a flow diagram of one embodiment of the present 
invention. 

[0006] FIG. 2 illustrates a package substrate according to one embodiment of the 
present invention. 

[0007] FIG. 3 illustrates a top view of a package substrate according to one 
embodiment of the present invention. 

[0008] FIG. 4 illustrates a semiconductor package according to one embodiment of 
the present invention. 

[0009] FIG. 5 illustrates a diagram of heat flow in a semiconductor package 
according to one embodiment of the present invention. 
[0010] FIG. 6 illustrates a semiconductor package according to another 
embodiment of the present invention. 

[0011] FIG. 7 illustrates a multi-chip module according to one embodiment of the 
present invention. 
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DETAILED DESCRIPTION 

[0012] The following detailed description sets forth an embodiment or 
embodiments in accordance with the present invention. In the following description, 
numerous specific details are set forth such as material types and ranges, in order to 
provide a thorough understanding of the present invention. However, it will be obvious 
to one of skill in the art, that the invention may be practiced without these specific 
details. In other instances, well-known elements and processing techniques have not 
been shown in particular detail in order to avoid unnecessarily obscuring the present 
invention. 

[0013] According to one embodiment of the present invention, a heat spreader may 
be attached to a package substrate having a substrate core made of a thermally 
conductive material. The heat spreader may be thermally coupled to the substrate core. 
The thermally conductive material of the substrate core may provide a path for the 
transfer of heat from the package substrate to the heat spreader, which may help cool 
the package substrate. 

[0014] Figure 1 illustrates a flow diagram 100 of a method to fabricate a 
semiconductor package according to one embodiment of the present invention. For 
block 102, a package substrate is fabricated having top and bottom surface buildup 
layers disposed on a thermally conductive substrate core. As previously described, a 
heat spreader is typically attached to a solder resist area of the top surface buildup 
layers. The solder resist may act as a thermal insulator, which may impede the flow of 
heat from the package substrate to the heat spreader. According to the present 
invention, however, a heat spreader may be thermally coupled to the thermally 
conductive substrate core. Therefore, for block 1 04, a portion of the substrate core is 
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exposed at the top surface of the package substrate to allow for attachment of a heat 
spreader. 

[0015] Figure 2 illustrates an exemplary package substrate 200 in accordance with 
the operations of blocks 102 and 104 of Figure 1. Package substrate 200 has top 
surface buildup layers 202, with a top surface 203, and bottom surface buildup layers 
204 disposed on a substrate core 206. The substrate core may be made of any suitable 
thermally conductive material, such as metal or a thermally conductive composite 
material. For one embodiment, the substrate core may be made of copper. The top 
surface buildup layers may be formed over an entire top surface of the substrate core 
and then etched back to expose a portion 208 the substrate core. Alternatively, a 
portion of the substrate core may be masked while forming the top surface buildup 
layers on the substrate core, leaving the masked portion of the substrate core exposed. 
[0016] Figure 3 illustrates a top view of the exemplary package substrate 200. As 
illustrated, for one embodiment, the exposed portion 208 of the substrate core 206 may 
extend around the perimeter of the top surface buildup layers 202. The shape and width 
of the exposed portion of the substrate core may vary with different embodiments. For 
example, the package substrate may be designed to expose a sufficiently large portion 
of the substrate core, while allowing a sufficiently large interconnect area 302 on the 
top surface 203 of the top surface buildup layers. The interconnect area may have a 
plurality of contact pads 304 to mechanically and electrically couple with 
corresponding contact pads of an integrated circuit. The buildup layers may comprise 
power planes, ground planes, and signal routing traces, interconnected by a plurality of 
vias (not shown) extending through the substrate core, to interconnect the contact pads 
on the top surface of the package substrate to contact pads (not shown) on a bottom 
surface of the package substrate. 
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[0017] For block 106 of Figure 1, an integrated circuit is mounted to the top surface 
of the package substrate with a top surface of the integrated circuit facing down. For 
block 108, a heat spreader is attached to the package substrate, the heat spreader 
thermally coupled to the exposed portion of the substrate core and to a backside surface 
of the integrated circuit. 

[0018] Figure 4 illustrates an exemplary semiconductor package 400 in accordance 
with the operations of blocks 106 and 108 of Figure 1. As illustrated, an integrated 
circuit 402 may be mounted on the package substrate 200 with a heat spreader 404 
thermally coupled to the substrate core. The integrated circuit may be coupled 
electrically and mechanically to contact pads on the top surface of the package 
substrate via a plurality of solder bump interconnections 406, which may be controlled 
collapse chip connection (C4) connections. For one embodiment, an inter-fill material 
407 may be disposed between the integrated circuit and the package substrate to 
provide mechanical support to protect the solder bump interconnections between the 
integrated circuit and the package substrate. 

[0019] As illustrated, for one embodiment, the heat spreader may be thermally 
coupled to the substrate core with a thermally conductive solder 408. The solder may 
have a thermal conductivity, for example, in the range of 20 to 100 Watts per meter 
Kelvin (W/mK). For another embodiment, the heat spreader may be thermally coupled 
to the substrate core with a thermally conductive adhesive. The thermally conductive 
adhesive may have a thermal conductivity, for example, greater than 1 W/mK. The 
heat spreader may be made of any suitable thermally conductive material, such as a 
metal or a thermally conductive composite material. For example, the heat spreader 
may be copper or aluminum. 
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[0020] The heat spreader may be supported by standoffs 410, which may be 
integral to the heat spreader or may be separate components. The height of the 
standoffs may be selected to allow a small gap between the backside surface of the 
integrated circuit and a bottom surface of the heat spreader. The height of the gap may 
be controlled to ensure the bottom surface of the heat spreader does not directly contact 
the integrated circuit as the components expand and contract during thermal cycling, 
which may damage the integrated circuit. A thermal interface material 412 may be 
deposited to fill the gap in order to provide a path for heat transfer from the integrated 
circuit to the heat spreader. The thermal interface material may be a thermal grease, 
thermal epoxy, thermal paste, thermal gel, or any other suitable material. 
[0021] Figure 5 illustrates, for one embodiment, a diagram of heat flow from the 
package substrate 200 to the heat spreader 404. As previously described, the substrate 
core 206 may be made of a thermally conductive material, such as a metal, which may 
provide a path for the transfer of heat from the buildup layers 202 and 204 to the heat 
spreader. For example, as current is passed through the buildup layers, heat generated 
at the buildup layers may be transferred to the substrate core, as illustrated by arrows 
502. Heat may be transferred from the substrate core to the heat spreader, as illustrated 
by arrows 504 and 506, thereby removing heat from the package substrate. 
[0022] As illustrated in Figure 6, for one embodiment, the semiconductor package 

r 

may be mechanically and electrically coupled to a printed circuit board (PCB) 602 via a 
plurality of solder bump interconnections 604. For another embodiment, the 
semiconductor package may be mounted in a socket, for example, on a computer 
system motherboard, via a plurality of surface mount pins attached to the bottom 
surface of the package substrate. 
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[0023] A heat sink 606 may be attached to a top surface of the heat spreader to 
further assist with heat removal The heat sink may be attached to the heat spreader, for 
example, by a clip, epoxy, or a thermal adhesive. The heat sink may include fins or 
other protrusions to increase its surface area, which may increase its ability to remove 
heat from the semiconductor package. The heat sink may be made of any suitable 

* 

material, such as a metal or thermally conductive composite material. For example, the 
heat sink may be made of the same material as the heat spreader. For one embodiment, 
the heat sink may be integrated with the heat spreader. A small fan (not shown) may be 
added to the heat sink, making the heat sink an active component. Active heat sinks 
may be used to cool microprocessors, for example, by providing a dedicated air stream. 
[0024] As described above, a single heat spreader attached directly to the substrate 
core may assist in removing heat from the package substrate and the integrated circuit. 
For another embodiment, however, a heat spreader may be attached directly to the 
substrate core to remove heat from the package substrate, while a separate heat spreader 
may be provided to remove heat from the integrated circuit. For one embodiment, the 
separate heat spreaders may be placed in thermal contact with each other. 

MULTI-CHIP MODULE 
[0025] For some applications, it may be desirable to include more than one 
integrated circuit in a single semiconductor package. Therefore, according to one 
embodiment, a multi-chip module may combine two or more integrated circuits on a 
single package substrate. A multi-chip module may integrate different functional 
blocks into a single package, which may enhance signal integrity and/or help meet 
interconnect vity requirements. For example, a multi-chip module may combine a 
plurality of integrated circuits that form a memory controller chip set into a single 
package. 
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[0026] Figure 7 illustrates a multi-chip module 700 according to one embodiment 
of the present invention. As illustrated, the multi-chip module may comprise more than 
one integrated circuit, such as integrated circuits 702 and 704. In addition to housing 
one or more integrated circuits, a semiconductor package may also house other 
electronic or electrical devices necessary for operation of the integrated circuit device. 
For example, decoupling capacitors 706 may also be mounted on the package substrate 
where they may be electrically coupled to the one or more integrated circuits. As 
illustrated, the present invention may accommodate the placement of electronic devices 
on the top surface of the package substrate. For one embodiment, electronic devices 
may be placed on a bottom surface of the package substrate. 

EMI SUPPRESSION 
[0027] The heat spreader and thermally conductive substrate core of the present 
invention may assist in suppressing electromagnetic emissions from a semiconductor 
device. For example, for one embodiment, a metal heat spreader and substrate core 
may form an electrically conductive enclosure that shields the integrated circuit(s) on 
all sides, which may reduce electromagnetic interference (EMI) to nearby components. 
EMI suppression may be especially important if electromagnetic emissions from the 
integrated circuit are in a frequency range that may interfere with communications 
equipment. 

[0028] In the foregoing description, the invention has been described with reference 
to specific exemplary embodiments thereof. It will, however, be evident that various 
modifications and changes may be made thereto without departing from the broader 
spirit or scope of the present invention as defined in the appended claims. The 
specification and drawings are, accordingly, to be regarded in an illustrative rather than 
a restrictive sense. 
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